More than 1000 species of insects that are edible at a certain stage of their life cycle have been identified worldwide. The orders Coleoptera, Lepidoptera and Orthoptera represent the highest number of species, the first two being mainly consumed in immature stages of their life cycle. Nutritional value and population size of some of these species represent two advantages, which mean they should be considered as an alternative source of food for the human diet, mainly in developing countries. Some species of Coleoptera, Orthoptera and Lepidoptera that are considered as pests are at the same time used for human consumption in different parts of the world. These species can be controlled if management techniques specially oriented to the sustained maintenance of the crop as well as of the insects are applied. On the other hand, some other species of insects with small population sizes and that are overexploited in their pre-reproductive phases show serious demographic problems, including extinction risk. For these species, it is necessary to apply management methods in order to conserve the natural populations and to develop culture or breeding techniques. For many countries with economical and social problems, owing to a deficiency in food supply or production, such strategies could be considered by their governments as priorities. In this work, the economic and social potential of the sustained exploitation of some insect species are analysed. Also, the ecological advantages of this type of management in agricultural and natural systems are reviewed.
with 177 species, followed by Thailand (89) , Congo and Zaire (87) , India (61) , Australia (62) , China (59) and Zambia (51) . Figure 1 shows that in Africa and Asia, the number of countries where at least five species have been described is higher than in America. Many of the species that are eaten in Africa and Asia are shared by various countries, and there are even few species that show a panregional distribution.
Concerning taxonomic analysis, the orders of the Insecta class that contain more consumed species are Coleoptera, Lepidoptera, Orthoptera and Hymenoptera with 237, 215, 169 and 142, respectively. Another seven orders have been registered with at least one species ( Figure 2) . A regional structure in relation to the differential exploitation of a determined insect group has been elaborated. For example, the order Isoptera, that comprises termites almost exclusively, is eaten in central and southern Africa. On the other hand, a great variety of hymenoptera of the ant group are eaten in America, particularly in Mexico. In Figure 2 is also shown the number of species per order that are consumed in an immature or mature stage of their life cycle. In this case, I simplified the information into two groups in relation to the different types of metamorphosis that the insect group has. In this sense when I talk about immature stages in terms of holometabolous metamorphosis, I mean the egg phase, larvae or cocoon. In the Coleoptera order, the species are mainly consumed in the immature life stage. The same happens for the case of the Hymenoptera and Lepidoptera orders, being the latest of particular interest because of the consumption of organisms in their larvae stage. Instead, Orthoptera, Homoptera, Isoptera, Hemiptera are examples of orders in which the mature stage of the species is the mostly eaten.
From this information, four important topics for discussion arise: (1) nutritional value of insects for both immature and mature stages; (2) the impact of the exploitation for the demographic attributes of this species Figure 1 Geographic distribution of the consumption of edible species per country, region and continent. Each continent is represented by a colour, the number in parenthesis is the quantity of species that are eaten in the country or region. The countries that show the highest diversity are Mexico, Thailand, Congo-Zaire and China and its relation to their distribution and abundance and above all with the life stage under the highest consumption intensity [9, 10] ; (3) the economic and social impact of the use of these species on each geographical region [11] [12] [13] and (4) the implementation of particular management strategies for the sustainable use of the insect species [14] [15] [16] [17] .
Nutritional Value of Insects
An important amount of research has evaluated the nutritional value of insects [1, 3, 7, 11, [18] [19] [20] [21] [22] [23] [24] [25] . In general, it has been found that the level of proteins and fats in all the insect species analysed is high, above those of traditional sources of protein such as meat, dairy products and some seeds [1, 7, 11, 18, 21] . Based on a representative sample of analysed insects, a value with its respective standard error (S.E.) of the percentage in dry weight of proteins, carbohydrates and fats, in immature stages as well as in mature ones was obtained (Figure 3 ).
In the same way, this relationship was carried out with food sources that are traditionally consumed as proteins ( Figure 3 ). The percentage of proteins, fats and carbohydrates that insects posses in relation to traditional foods that provide proteins and fats to human population is higher. Specifically, the mean values in protein percentages of insects in their immature stages, adult stages and those of the traditional sources were 36, 38 and 19%, respectively. The highest registered values for proteins for those three groups were 72, 69 and 65% for the consumed species in their adult stage of Homoptera and Orthoptera orders [19] . The mean values for fats of these three groups were 31, 22 and 14% in the abovementioned order. The highest values for fats for the immature stages were 58, 57 and 30% for the larval stages of the Lepidoptera order [19] . When comparing immature and mature stages, it is evident that the mean value of fats in this first group is higher with respect to the immature stage. Most of the larval stages, particularly Figure 2 Number of edible species in relation to the order they belong to (column in black), as well as the number of species per order that are eaten in relation to their life cycle stage. Orders Coleoptera, Lepidoptera, Hymenoptera and Orthoptera are the ones with the highest edible species. In Coleoptera and Lepidoptera orders the immature stages are the most consumed, while in Orthoptera and Isoptera the adult stages are the favourites Figure 3 Percentage in dry weight (mean+S.E.) of proteins, fats and carbohydrates of insects that are consumed during immature and mature stages and of the traditional group of proteins in human nutrition (different types of meat, dairy products and some seeds or grains). It is observed that insects show a higher quantity of proteins and fats. Besides, the amounts of fats that are contained by the immature stages, mainly larvae of lepidopterans and coleopterans are very high in relation to the two left groups [1, 18-20, 22, 25] those of the Coleoptera and Lepidoptera orders, present a high level of fat ( Figure 3 ).
Besides the high amount of proteins that insects can provide, several investigations have made evident their high quality in a great variety of species [1, 11, 15, 18, 19, 21, 23, 24] . In a nutritional sense, the phrase 'a protein of high quality' implies that: (1) it contains the different types of amino acids in adequate proportions and (2) that it is highly digestible by the organisms that consume it. Similarly, minerals and vitamins are present at a significant level [1, 11, 18, 25] .
All these characteristics make insects strong candidates as an alternative food source for human nutrition and specifically as one of the sources for protein and fat acquisition for human populations.
An Ecological Approach
For any insect species that is used by humans and particularly those for human consumption, it is necessary to have information on its population size, as well as about other emergent properties such as its distribution and age structure, especially if we mean to produce this resource in a sustainable way [26] [27] [28] . To avoid the extinction of those species with a small population size, the quantity of the removed individuals should not exceed that of those that will be replaced in the future generations [29, 30] . An extensive review of this subject made it evident that species with a small population size are overexploited to the level of threatening their extinction, particularly those with a restricted distribution [14, [31] [32] [33] . On the other hand, some species, especially those that are considered as pests in agricultural systems, have big population sizes, and these could be diminished through their usage for any type of human activity, including their consumption as food.
In Mexico, several species have been reported as priority for conservation because of an excessive exploitation for human consumption [14, 31] and because of the deterioration of their habitat through pollution and soil use change [32] . Table 1 shows 12 species that according to some authors need a management strategy, given their population decrease. As I mentioned above, many of these species are consumed during immature life stages, and this makes the replacement by new individuals in following generations impossible. According to Ramos-Elorduy [14] , in recent years the harvesting of some of these species has been intensified because of a very intense demand. An example of this is the case of the Lepidoptera larvae Xyleutes redtembacheri, which is required for adding to the alcoholic beverage 'mezcal' [14] . In the same context, the meal called 'escamoles' consists of an ant species (Liometopum apiculatum), which is obtained by destroying the nests and extracting the egg, larvae and cocoon stages [34] . A colony may take several years to build up a new nest [34] . Several investigations point out that one of the strategies to solve this problem is to culture these species either under natural conditions or in closed systems [6, 14, [35] [36] [37] [38] . This is why it is extremely important to do research on some ecophysiological traits, particularly on the conditions and resources needed for the maintenance and reproduction of the species under artificial conditions, as well as to modify the life cycle in such a way that the resource can be used in any season [39] .
In relation to the edible insect species with large population sizes such as pests in agricultural fields, it is also important to do research on the demographic parameters, mainly on those related to their population growth rates [40] . Alternative strategies in pest control are necessary mainly because it has been proved that conventional methods for eradication, particularly the use of pesticides can produce three types of effects to the agrosystem: (1) elimination of non-target species, which are beneficial to the environment [41] [42] [43] [44] [45] ; (2) soil and water pollution because of the use of chemicals, which can also be accumulated in species, even in those which are far away from the dispersal site [46] [47] [48] ; and (3) the acquisition of resistance to the active agents of pesticides by the pests [49] [50] [51] . Table 2 contains some species, which are proposed as priorities for the application of control methods oriented to diminish their population size and consequently being used as food source in some regions of the world. Without doubt one of the insect groups that has been reported as devastating to crops at a global level is the Orthoptera, mainly Schistocerca gregaria, Locusta 
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Egg [31] http://www.cababstractsplus.org/cabreviews migratoria, Locustana pardalina, among others [52, 53, 57] . These species attack great crop surfaces at a world level; nevertheless their control through conventional methods does not seem to be giving good results. At a regional level, other insect species such as Sphenarium purpurascens are controlled in some regions in Mexico through mechanical removal for human consumption [26] . Another very important feature about insects is their efficiency of conversion of consumed matter into accumulated biomass [69] [70] [71] . Several investigations show that insects have a higher efficiency of matter assimilation in relation to other livestock eaten by humans [69, 70] . This comparison is important mainly because insects can be serious candidates as protein sources in several regions of the world. In a comparative study, it was determined that more than 10 times more plant nutrients are needed in order to produce one kilogram of meat than one kilogram of insect biomass [69] . In terms of ecosystem services, insects can be a convenient alternative to avoid environmental deterioration in terms of land use change for cattle support.
Social and Economic Approach
In most of the developing countries there is a deficiency in food supply, sometimes reaching extreme hunger levels, as in Africa [72] [73] [74] . One of the causes of this is that agricultural production is threatened constantly: by drastic climatic changes, because of the lack of efficiency in agricultural technology and of course because of pests, insects are among the most devastating groups [54-56, 75, 76] . In the last 5 years, almost $400 million has been invested in Africa alone to fight the orthopteran pest S. gregaria, while the loss in crops was estimated at $2.5 billion [77] . This species represents such a problem that the FAO has implemented a unified monitoring system in Africa [58] . The aim of this work is to make use of all the monitoring applied by the different government institutions in order to assist the control of this species for human feeding purposes. The economical, social and health benefits for a certain human population would be enormous. At an economic level, the value for commercialization may reach several hundred million dollars [40, 78, 79] . Concerning social and health matters, it is clear that benefits related to the food supply can greatly mitigate the malnutrition problems in Africa and Latin America [80] . At a local level, in Mexico, crop loss due to the pest S. purpurascens, has been estimated at several million dollars (Cerritos, unpublished data), but nevertheless, manual control of this pest for human consumption has allowed hundreds of families to make a living from this activity. Annual profit for this insect harvest reaches almost $3000 dollars per family and the amount of extracted biomass is close to 100 tonnes [26] . Another economic and health benefit that would result if we change the strategies in edible pest management is the decrease in the use of pesticides in agricultural systems. In a great number of studies, the negative effects of these chemicals on human health have been proved, many of them causing irreversible problems [81] [82] [83] [84] [85] [86] [87] [88] [89] [90] . At the same time, the economic savings for farmers through avoiding the use of pesticides can greatly help their economic sustainability [26, 91] .
It is clear that management of edible species that represent a serious problem in agrosystems (Figure 2) should be oriented to their mechanical removal, as this would lead to a scenario with productive crops as well as an availability of edible insects. In an investigation carried out in Mexico, the level of individuals of S. purpurascens that an alfalfa (lucerne) crop can support without production being affected was analysed [91] .
With respect to edible insects that are not considered as pests, there are species with broad distributions; some of these represent an economic and alimentary source for the inhabitants of a certain region. Such is the case of the http://www.cababstractsplus.org/cabreviews Rene´Cerritoslepidopteran Gonimbrasia belina, which shows a broad distribution in several countries of Africa [92, 93] . The amount of extracted larvae of this species has generated several processing industries and its formal commerce in Botswana [93] and in countries such as South Africa, Zambia and Zimbabwe: the production was calculated as more than 2000 tonnes per year and the profits came to several million dollars in these countries [11, [93] [94] [95] . At a local level, in Mexico, there is a great amount of insects of economic value, which for many communities and ethnic groups constitutes an important part of their annual income [59, 96, 97] . In the case of the hymenopteran L. apiculatum locally named 'escamol', each person can sell up to 100 g of this product for $10-15. Another species that is highly commercialized is the lepidopteran X. redtembacheri, locally named 'chinicuil', which is associated directly with 'mezcal' production, and each bottle generally contains one larva [97] . As I have mentioned, many of these species are being threatened due to overexploitation ( Figure 2 ).
Differential Management Strategies
Several investigations have demonstrated the need for a management implementation plan for both threatened and pest species [11, 14, 26, 97] . Similarly, other studies have shown that there is a clear need for a regulation on the production and consumption of insects in such a way that they can constitute a food product which is recognized by official food assessment institutions [97] [98] [99] . Amazingly, there is neither a governmental institution nor a nongovernmental organization (NGO) that organizes and gives advice for activities related to insect consumption in any region. In this work, the implementation is proposed in several countries of organizations that on one hand preserve the practice of insect consumption, and on the other, the maintenance of a database of records on consumption and production rates. Threatened species must be monitored by governmental and environmental institutions in order to guarantee the conservation of this resource. Those insects that constitute a pest problem in agrosystems should be assisted by the agriculture institutions of each country. One of the immediate actions that is proposed is the implementation of differential management plans according to the demographic features of the species and to other characteristics related to their nutritional properties. Figure 4 shows the general management plans that could be applied in the case of species that are threatened by overexploitation and on the other hand, the case of edible species that are considered as pests. In the first case, the need to develop and incentivize the production of insects through culture centres is proposed. Controlled cultures of insects have been implemented for some species in an experimental manner, in some cases Figure 4 A proposal for management plans according to the population size of edible insect species. Species that are threatened by overexploitation should be under a plan that involves their sale at expensive prices and a controlled reduced consumption. Edible species that are considered as pests should be harvested in agrosystems with good results [100] [101] [102] . Some insect species can be cultured in their habitats under controlled variables [102] . For the application of these techniques, it is necessary to know the characteristics of the organism's life cycle as well as some ecophysiological parameters [102] . In relation to the edible species that are at the same time pests in agricultural systems, it is necessary to extract a large fraction of the individuals [6, 12, 16, 26, 40, 103, 104] . The population size in this case has to be decreased but without eliminating the populations completely, especially if the purpose is to exploit them in a sustainable manner. In several investigations favourable results have been obtained through the implementation of this extraction, even without the establishment of a formal management plan carried out by a government institution. Unregulated extraction of insects in sites where insecticides have been applied could lead to problems of intoxication and poisoning of people that consume them [105, 106] .
In management plans, the costs of production have to be considered as well as the consumption. Species with small population sizes would have high costs as well as a reduced consumption rate in the human population. Nevertheless, cost and consumption would be both determined by the efficiency of production in the culture centres. This is the opposite of the case with pest species, which have lower cost and a higher consumption rate. Independently of the management plan, monitoring of the population will always be necessary, as well as other features such as quantification of the nutritional value, production costs, profit and over all, the impact of insect consumption in human population. In other words, management plans have to consider biological, economical and social aspects of all the activities related to the consumption of edible species of insects.
Conclusion
Edible insects represent a serious alternative food source in regions with poor agricultural and cattle production. For this it is necessary to implement management plans that allow production that fulfils human needs without affecting the population status of the insect species. Similarly, species that are considered as pests are key candidates, because of their biomass production and because of their broad distribution in some cases. Governmental institutions, NGOs and the scientific community itself have an obligation to provide the necessary tools for the sustained production of this resource, as well as to make its production and consumption profitable activities for human populations.
